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(7) ABSTRACT

A conveyor belt cleaner scraper blade for cleaning the
surface of a conveyor belt and a method of manufacture of
the scraper blade. The scraper blade includes a body having
a base member adapted to be attached to a cross shaft of a
conveyor belt cleaner and a scraping member which extends
outwardly from the base member to a scraping tip. The
scraper blade includes one or more electrical sensors that are
embedded in an insert member. The insert member and the
sensors are molded and embedded within the body of the
scraper blade. Each of the sensors is adapted to provide an
electrical output signal representing a physical condition of
the scraper blade sensed by the sensor. A variety of sensor
embodiments are described, as well as two embodiments of
control and monitoring systems for use in conjunction with
the various blade and sensor combinations.
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INPUT PREPROGRAMMED SYSTEM PARAMETERS /3204

-CLEANER TYPE
~$#:SCRAPER BLADES

—INSTALLATION LOCATION/ANGLE

] —-TYPEAND NUMBER OF TENSIONING ELEMENTS
—ROTARY AND/OR LINEAR POSITIONING OPTIONS
—APPLICATION /SITE SPECIFICS )
~SENSING/MONITORING /CONTROL OPTIONS 32032

' GLOBAL-OPERATIONAL ALGORITHMS

—ROTARY POSITION/LINEAR POSITION/BLADE LENGTH/CLEANING
.PRESSURE ALGORITHMS

\L— -OPERATIONAL CHECKS ENABLED/DISABLED{HARDWARE /

- SENSOR OPTIONS)

N —ELECTRONIC/PHYSICAL SYSTEM VARIABLES

BLADE IDENTIFICATION/ VERIFICATION ' ul

SELF CALIBRATION/ INSTALLATION ROUTINE : 3202 — iy
—OETERMINE UPPER/LOWER SYSTEM PRESSURE LIMITS ] xS
—CALCULATE MAXIMUM, MIDPOINT, AND MINIMUM RADIAL POSITION OF | oS
BELT CLEANER MAINFRAME SYSTEM <5
—~MOVE SYSTEM TO CALCULATED/RECOMMENDED STARTING Iz
POSITION ( R MAXIMUM)
-APPLY THREE LEVELS OF PRESSURE/ TENSION TO SYSTEM
—MEASURE BLADE STRAIN / DEFLECTION/ TORQUE/PRESSURE
< —~CALCULATE ELEMENT CORRELATION COEFFICIENTS(SYSTEM
PRESSURE VS BLADE STRAIN/DEFLECTION/ MAINFRAME
TORQUE/ETC.)
~REPEAT FOR R MIDPOINT AND R MINIMUM
CALCULATE SPATIAL COEFFICIENTS ( EMPIRICAL RELATIONSHIP BETWEEN
ELEMENT COEFFICIENTS AND MAINFRAME POSITION)
-MOVE SYSTEM/MAINFRAME TO RECOMMEN DED / PROGRAMMED
POSITION AND APPLY DEFAULT/PREPROGRAMMED PRESSURE

OPERATING PROGRAM 320l ?

CLEANER REPLACEMENT

RECALIBRATION

INCLUDES SOME ORALL OF THESE ROUTINES DEPENDING ON
HARDWARE AND APPLICATION SPECIFICS

—GLOBAL CHECKS
~CURRENT BLADE LENGTH
—UPDATE POSITION / PRESSURE ALGORITHMS
—SET SYSTEM PRESSURE /LOCATION A
. —MATERIAL PRESENT ON CARRYING SIDE OF BELT
—UPDATE SYSTEM STATUS (IDLE OPTIONAL)
—BELT MOTION/ SPEED
—UPDATE CALUBRATION PARAMETERS— RECALIBRATE SYSTEM
~SET DATA SAMPLING SPEED
— BELT SPLICE DETECTION
~DYNAMIC WAVEFORM CHECKS .
—MEASURED RADIAL POSITION
-——CALCULATE SPATIAL COEFFICIENTS
—MEASURED SYSTEM PRESSURE / TENSION APPLIED
—-—CALCULATE PREDICTED/NOMINAL ELEMENT BEHAVIOR
—MEASURE BLADE DEFLECTION
—~=COMPARE WITH PREDICTED/NOMINAL BEHAVIOR
-TOLERANCE LEVEL(S)-ADJUST SYSTEM
— CLEANING PERFORMANCE
-~= COMPARE WITH TOLERANCE LEVEL-ADJUST SYSTEM

DATA SNAPSHOT
( PROGRAMMED DURATION AND TIME INTERVAL)
- ANALYTIC CALCULATIONS
LIMIT CHECKS DATA STORAGE
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CONVEYOR BELT CLEANER SCRAPER BLADE
WITH SENSOR AND CONTROL SYSTEM
THEREFOR

RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
application Ser. No. 10/025,091, filed Dec. 19, 2001, now
pending, which is a continuation-in-part of U.S. application
Ser. No. 09/454,856, filed Dec. 7, 1999, now U.S. Pat. No.
6,374,990, which claims the benefit of U.S. Provisional
Application No. 60/111,774, filed Dec. 10, 1998.

BACKGROUND OF THE INVENTION

[0002] The present invention is directed to a conveyor belt
cleaner scraper blade for scraping adherent material from a
conveyor belt, and in particular to a conveyor belt cleaner
scraper blade including one or more sensors for monitoring
the operating conditions of the scraper blade and control
system therefore.

[0003] Some conveyor mechanisms utilize a moving con-
veyor belt to transport sand, gravel, coal and other bulk
materials, from one location to another. As the bulk material
is discharged from the conveyor belt, a portion of the
material often remains adhered to the belt. Conveyor belt
cleaners, including one or more scraper blades, are used to
scrape the adherent material from the belt and thereby clean
the belt. A primary conveyor belt cleaner may be placed in
scraping engagement with the conveyor belt at the head
pulley of the conveyor and a secondary conveyor belt
cleaner may be placed in scraping engagement with and
below the return run of the conveyor belt a short distance
behind the primary conveyor belt cleaner. The scraper blades
of a conveyor belt cleaner are removably attached to a
rotatable or linearly adjustable cross shaft that extends
transversely across the width of the conveyor belt. A ten-
sioning device is attached to one or both ends of the cross
shaft. The tensioning device applies a rotational or linear
biasing force to the cross shaft which in turn moves the
scraper blades into scraping engagement with the conveyor
belt with a desired amount of force. During operation, the
scraping edge of each scraper blade wears due to its scraping
engagement with the rotating conveyor belt. The tensioner
rotates or linearly adjusts the cross shaft and the scraper
blades to maintain the scraper blades in biased scraping
engagement with the conveyor belt.

[0004] In order to obtain optimum performance from the
scraper blades of a conveyor belt cleaner, it is preferable that
the scraper blades be biased into scraping engagement with
the conveyor belt with a predetermined amount of force. If
the scraper blades are biased against the conveyor belt with
an excessive amount of force, this will result in excessive
wear to the scraper blades, potential damage to the conveyor
belt, and may cause the tip of the scraper blade to develop
an excessively high temperature due to the friction generated
between the scraper-blade and the rotating conveyor belt. If
the scraper blades are biased against the conveyor belt with
too small of a force, the scraper blades may not effectively
clean the conveyor belt. In addition, the scraping tip of the
scraper blades may vibrate or chatter against the conveyor
belt depending upon the amount of force with which the
scraper blades are biased into engagement with the conveyor
belt, thereby potentially damaging the scraper blades and/or
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the belt, and decreasing cleaning efficiency. It is therefore
useful to monitor the conditions and parameters of a scraper
blade during operation, such as the scraping tip temperature,
the rate of wear of the scraper blade, and the magnitude of
the force with which the scraper blade is biased into scraping
engagement with the conveyor belt, to optimize the perfor-
mance of the scraper blade. All of these parameters are
subject to change depending on a number of factors includ-
ing conveyor belt speed and the type of material being
conveyed.

[0005] In addition, a control and monitoring system for the
various sensors included in the blade structure would maxi-
mize the utility of such a sensor array. Even with a variety
of sensors present, the user still must perform periodic
inspections of the installation in order to determine whether
the blades are excessively worn, and to check for proper
engagement force between the belt and the scraper blade
assembly. Consequently, a need arises for an economically
yet durably constructed system that is capable of alerting the
user to various operating conditions that may adversely
affect the installation, thus avoiding the need for frequent
on-site inspections. Such a control system should also be
able to automatically adjust the engagement force between
the scraper blades and the belt.

SUMMARY OF THE INVENTION

[0006] A conveyor belt cleaner scraper blade for cleaning
the surface of a conveyor belt. The scraper blade includes a
base member adapted to be attached to the cross shaft of a
conveyor belt cleaner and a tip member that extends out-
wardly from the base member to a scraping edge which is
adapted to engage the conveyor belt. The tip member of the
scraper blade includes one or more electrical sensors such as
temperature sensors, strain detection sensors and/or wear
sensors. Each temperature sensor provides an indication of
the temperature of the scraper blade at the location of the
temperature sensor. The strain detection sensors provide an
indication of the magnitude of the strain the scraper blade is
subjected to during scraping engagement with the conveyor
belt. The wear rate sensors provide an indication of the
location of the scraping edge with respect to the base
member as the scraper blade wears away due to its scraping
engagement with the rotating conveyor belt and as the
scraping edge moves closer to the base member. If other
conditions need to be monitored other types of sensors may
also be utilized. Ultimately, the information which is sensed
by the sensors may be transmitted to a microprocessor that
may vary the operating conditions of the conveyor belt
cleaner, including the force applied by a conveyor belt
cleaner tensioner, or possibly sounding an alarm or other
signal when the sensed information deviates from preset
ranges.

[0007] A two-piece scraper blade assembly is disclosed
that enhances removability of the scraper blade tip in the
event that replacement becomes necessary, as well as pro-
viding a secure mounting mechanism to retain the blade tip
in position during normal operation. An alternative sensor
arrangement is also presented incorporating a unique strain
sensor configuration that provides a larger and more infor-
mative signal output than prior installations.

[0008] The control and monitoring system presented
herein provides an integral part of a fully functional, auto-
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matically controlled, belt cleaning system. The system is
capable of monitoring and controlling important belt clean-
ing parameters during conveyor belt operation. A variety of
sensors and actuators are utilized to monitor critical geom-
etry, blade performance and conveyed material specifics.
The important parameters of belt cleaner operation can be
adjusted to optimize belt cleaner performance and blade
wear while reducing the damaging effects of the belt cleaner
on the conveyor belt. This optimization is based on previous
belt cleaner research, bulk material properties and behavior,
blade composition materials and their behavior, and the
interaction of all of these with the conveyor belt surface.

[0009] Control algorithms, with upper and lower bound
limits on vibration levels, geometry, and pressure (torque)
have been coded into a control software package. These
algorithms are based on the relationships described above,
and are also being continually modified and improved upon
A number of unique sensing techniques and structures are
utilized to monitor the important functional relationships,
although simpler and more elegant means are continually
being investigated. The system described herein monitors
the presence of material on the conveyor belt; critical
geometry (specifically tracking blade length and radial posi-
tion—blade angle and other important variables are calcu-
lated based upon these metrics); air line pressure (which is
used to control cross shaft torque—i.e., blade pressure at the
conveyor belt surface); and blade vibration (multiple blades
are monitored). Embedded sensor techniques are employed
because of their reliability, durability, and minimal exposure
to extreme environmental conditions. A number of new
technologies are used to obtain viable signals, including
electrical and mechanical-vibration magnification.

[0010] The sensors provided in the cleaning blade are
specifically arranged to take advantage of the sensing tech-
niques used, and previous research conducted, on the behav-
ior of various polyurethane compounds. The tip and base
materials are chosen to give acceptable deflection/stress
levels at the sensing element. The interlocking features of
the base and tip provide strong electrical signals as well as
preventing base/tip separation during cleaner operation.
Replaceable/wearable tips have been incorporated in the
present invention for functionality, simplicity, and to reduce
the cost of replacing relatively expensive blade vibration
elements.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

[0011] FIG. 1 is a perspective view of a primary scraper
blade according to the present invention that is adapted for
use in connection with a primary conveyor belt cleaner.

[0012] FIG.2 is a perspective view of a secondary scraper
blade according to the present invention that is adapted for
use in connection with a secondary conveyor belt cleaner.

[0013] FIG. 3 is a front elevational view of another
embodiment of a primary conveyor belt cleaner scraper
blade according to the present invention.

[0014] FIG. 4 is a side elevational view taken along line
44 of FIG. 3.

[0015] FIG. 5 is a front elevational view of the insert
member of the scraper blade of FIG. 3.
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[0016] FIG. 6 is a side elevational view of the insert
member taken along line 6-6 of FIG. 5.

[0017] FIG. 7 is a top plan view of an insert mold for the
insert member of FIG. 5.

[0018] FIG. 8 is a cross sectional view of a body mold for
the scraper blade body of FIG. 3 shown with the insert
member positioned therein.

[0019] FIG. 9 is a perspective view of an alternative
embodiment of a scraper blade in accordance with the
present invention.

[0020] FIG. 10A illustrates the tip member of the scraper
blade of FIG. 9.

[0021] FIG. 10B shows the base member of the scraper
blade of FIG. 9.

[0022] FIG. 11 is a side elevational view depicting interior
details of the scraper blade of FIG. 9.

[0023] FIG. 12 is a front elevational view depicting inte-
rior details of the scraper blade of FIG. 9.

[0024] FIG. 13 is a front elevational view of a strain gage
sensor and associated signal magnifying plates suitable for
use in the present invention.

[0025] FIG. 14 is a side elevational view of the strain gage
sensor of FIG. 13.

[0026] FIG. 15 depicts a single thin beam sensor embed-
ded in a urethane bar with no magnifying plates attached.

[0027] FIG. 16 depicts a thin beam sensor embedded in a
urethane bar with magnifying plates attached to each end of
the sensor.

[0028] FIG. 17 is a perspective view of a scraper blade
assembly incorporating multiple blades as depicted in FIG.
9.

[0029] FIG. 18 is a perspective view depicting interior
details of the scraper blade assembly of FIG. 17.

[0030] FIG. 19 depicts a monitoring and display system
suitable for use in still another embodiment of the present
invention.

[0031] FIG. 20 illustrates a front panel for a display unit
in accordance with the present invention.

[0032] FIG. 21 shows the partial interconnection of sys-
tem components for the monitor and display system of FIG.
19.

[0033] FIG. 22 illustrates another embodiment of a front
panel for a display unit in accordance with the present
invention.

[0034] FIG. 23A is a front elevational view of a wear
panel mold piece suitable for constructing a wear rate sensor
in accordance with one embodiment of the present inven-
tion.

[0035] FIG. 23B is a side elevational view of the wear
panel mold piece of FIG. 22A.

[0036] FIG. 23C is a perspective view of the wear panel
mold piece of FIG. 22A.

[0037] FIG. 24A is a left side elevational view of a base
attachment piece.
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[0038] FIG. 24B is a front elevational view of the base
attachment piece of FIG. 24A.

[0039] FIG. 24C is a right side elevational view of the
base attachment piece of FIG. 24A.

[0040] FIG. 24D is a perspective view of the base attach-
ment piece of FIG. 24A.

[0041] FIG. 25 is a side elevational view of a cleaner
blade mold suitable for forming a scraper blade in accor-
dance with yet another embodiment of the present invention.

[0042] FIG. 26 is a front elevational view of a scraper
blade formed by the mold of FIG. 25.

[0043] FIG. 27 is a perspective view of system compo-
nents and identification of sensors used during operation of
a system in accordance with the present invention.

[0044] FIG. 28A illustrates relative position of system
operational components at blade wear out.

[0045] FIG. 28B shows relative position of system opera-
tional components during initial system set up.

[0046] FIG. 28C illustrates the system operational com-
ponents at a maintenance position.

[0047] FIG. 29 shows the configuration variables used in
establishing initial conditions for the control system of the
present invention.

[0048] FIG. 30 illustrates control program operational
parameters.
[0049] FIG. 31 depicts interconnection of the system

sensors with the ADC input channels.

[0050] FIG. 32 is a flow chart depicting operation of a
computer-controlled belt cleaning system in accordance
with the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0051] The primary conveyor belt cleaner scraper blade 10
of the present invention, as shown in FIG. 1, is adapted to
be removably attached to a cross shaft (not shown) of a
conveyor belt cleaner for engagement with the conveyor belt
proximate the head pulley such as disclosed in U.S. Pat. No.
4,598,823 of Martin Engineering Company, which is incor-
porated herein by reference. One or more scraper blades 10
may be attached to the cross shaft. A tensioning device, such
as disclosed in U.S. Pat. No. 5,088,965 of Martin Engineer-
ing Company, which is incorporated herein by reference, is
attached to the end of the cross shaft and is adapted to
provide selective conjoint movement (either rotational or
linear) of the cross shaft and of the scraper blades 10 to move
each scraper blade 10 into biased scraping engagement with
the conveyor belt with a scraping force.

[0052] The scraper blade 10 includes a base member 12
that is adapted to be removably attached to the cross shaft in
any of a number of ways known to one of ordinary skill in
the art and a scraping tip 14 that is adapted to engage the
conveyor belt. The scraper blade 10 also includes an inner
surface 16 that extends from a first bottom edge of the base
12 to the tip 14 and an outer surface 18 that extends from a
second bottom edge of the base 12 to the tip 14. The inner
and outer surfaces 16 and 18 extend between a first side wall
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20 and a second side wall 22. The inner and outer surfaces
16 and 18 may each include one or more curved and/or
planar surface portions. The scraper blade 10 includes a
wear section 23 that extends between the inner surface 16
and the outer surface 18 and that extends from the base 12
to the tip 14. The wear section 23 of the conveyor belt
scraper blade 10 is adapted to wear during use such that the
scraping tip 14 as shown in FIG. 1 is eventually located
approximately at the bottom end of the wear section 23. A
wear line 24 is located on the outer surface 18 adjacent the
bottom end of the wear section 23. When the scraping tip 14
of the worn scraper blade 10 is located approximately at the
wear line 24, such that the wear section 23 is substantially
worn away, the scraper blade 10 should be replaced. The
scraper blade 10 is preferably formed from an elastomeric
material such as urethane or rubber.

[0053] As shown in FIG. 1, the scraper blade 10 includes
one or more electrical temperature sensors 30 that are
embedded within the wear section 23 of the scraper blade
10, or that are attached to the outer surface 18 of the scraper
blade 10. One type of temperature sensor that may be used
is Model LM 335 from National Semiconductors. The
temperature sensors 30 are located along the length of the
wear section 23 from the scraping tip 14 to approximately
the wear line 24. Each temperature sensor 30 is electrically
connected to a microprocessor 34 which may be located in
the base 12 as illustrated in FIG. 1, or located elsewhere, and
electrically connected to the sensor. One type of micropro-
cessor that may be used is Model 68 HC11 microcontroller
from Motorola The microprocessor 34 may include a battery
to operate the microprocessor 34 and data storage means for
collecting and storing data. The temperature sensors 30 are
adapted to measure the temperature of the scraper blade 10
at locations located along the length of the wear section 23,
including the scraping tip 14 of the scraper blade 10. Each
temperature sensor 30 transmits an electrical signal corre-
sponding to the temperature measured by it to the micro-
processor 34. The temperature sensors 30 may comprise
thermocouples.

[0054] The scraper blade 10 also includes one or more
electrical strain detection sensors 40 such as strain gage
sensors. The strain detection sensors 40 may be embedded
within the wear section 23, or attached to the outer surface
18 of the scraper blade 10. The strain detection sensors 40
are located along the length of the wear section 23 from the
tip 14 of the scraper blade 10 to approximately the wear line
24. As the scraper blade 10 is preferably made of an
elastomeric material such as urethane or rubber, the wear
section 23 of the scraper blade 10 will resiliently flex
between the base 12 and the tip 14 in response to the
magnitude of the scraping force with which the tip 14 is
pressed against the conveyor belt. The strain detection
sensors 40 measure the strain of the scraper blade 10 due to
the flexure of the scraper blade 10, which corresponds to the
magnitude of the scraping force with which the scraper
blade 10 is biased against the conveyor belt. The strain
detection sensors 40 thereby provide a measurement that
corresponds to the magnitude of the scraping force with
which the scraper blade 10 engages the conveyor belt. Each
strain detection sensor 40 sends an electrical signal corre-
sponding to the measured strain and the corresponding
scraping force to the microprocessor 34.
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[0055] The scraper blade 10 also includes one or more first
electrical wear rate sensors 46 and one or more second
electrical wear rate sensors 48. The first and second wear
rate sensors 46 and 48 are respectively located along the
length of the wear section 23 from the tip 14 to the wear line
24 of the scraper blade 10. As shown in FIG. 1, the first wear
rate sensors 46 extend along the left edge of the scraper
blade 10 and the second wear rate sensors 48 extend along
the right edge of the scraper blade 10. The first wear rate
sensors 46 and the second wear rate sensors 48 are electri-
cally connected to the microprocessor 34. The wear rate
sensors 46 and 48 measure the current location of the
scraping tip 14 with respect to a known location on the
scraper blade 10, such as the bottom end of the wear section
23 at the wear line 24, as the end of the scraper blade 10
wears during use. Each first and second wear rate sensor 46
and 48 respectively sends an electrical signal to the micro-
processor 34 which signals indicate the current position of
the scraping tip 14 with respect to the bottom end of the wear
section 23 or the top of the base member 12. As the
outermost wear rate sensors 46 and 48 are worn away, a
signal is no longer received from these sensors thereby
indicating that the scraping tip 14 has worn past their
location and indicating that the scraping tip 14 is presently
located adjacent the outermost wear rate sensors 46 and 48
that are still sending signals to the microprocessor 34. Each
wear rate sensor 46 and 48 may be combined with a
respective temperature sensor 30 as a single combined
sensor. A thermocouple may be used as a combined sensor
to indicate both temperature and wear rate.

[0056] The scraper blade 10 also includes an ambient air
temperature sensor 54 located in the outer surface 18, near
the bottom wall of the base 12 of the scraper blade 10, that
is adapted to be placed in communication with the surround-
ing air. The ambient air temperature sensor 54 measures the
ambient temperature of the air in the area adjacent to the
scraper blade 10. The ambient air temperature sensor 54 is
electrically connected to the microprocessor 34 and sends an
electrical signal to the microprocessor 34 that corresponds to
the measured ambient air temperature. The ambient air
temperature measured by the ambient air temperature sensor
54 can be compared to the scraping tip temperature mea-
sured by the temperature sensors 30 to determine the tem-
perature differential therebetween, which corresponds to the
increase in temperature of the scraping tip 14. The increase
in temperature of the scraping tip 14 may be attributable to
the friction created between the scraping tip 14 of the scraper
blade 10 and the rotating conveyor belt, and/or to the
transfer of heat from hot bulk material carried by the
conveyor belt to the scraper blade 10.

[0057] The microprocessor 34 is electrically connected to
an electrical transmitter member 60, such as an electrical
connector member, located in the base 12. The electrical
transmitter member 60 may be an RS232 serial port or other
type of port such as an infrared port or a radio signal port.
The electrical transmitter member 60 may be adapted to be
attached to a cable that is connected to a computer. The
transmitter member 60 transfers data collected by the micro-
processor 34 and the sensors to the computer for storage and
analysis.

[0058] Alternatively, the scraper blade 10 may not include
the microprocessor 34, and each of the sensors 30, 40, 46, 48
and 54 may be electrically connected directly to the elec-
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trical transmitter member 60, such that the transmitter mem-
ber 60 will transfer the respective signals generated by the
sensors 30, 40, 46, 48 and 54 to a microprocessor located
outside of the scraper blade 10 or directly to a computer.

[0059] Another embodiment of the conveyor belt cleaner
scraper blade of the present invention is shown in FIG. 2 and
is designated with reference number 70. The scraper blade
70 is adapted for use in connection with a secondary
conveyor belt cleaner, such as described in U.S. Pat. No.
4,643,293 of Martin Engineering Company, which is incor-
porated herein by reference. The scraper blade 70 includes
an arm 72 having a first end 74 that is adapted to be
connected to the cross shaft of the conveyor belt cleaner and
a second end 76 that is adapted to be connected to a blade
78. The arm 72 and the blade 78 may be respectively formed
from an elastomeric material such as urethane or rubber, or
may respectively be made of a metal or ceramic material.
The blade 78 includes a base member 80 and a wear section
81 having a scraping tip 82. The wear section 81 may
include a wear resistant insert 83, formed from a metal such
as tungsten carbide, that is connected to the end of the blade
78 to form the scraping tip 82.

[0060] The wear section 81 of the scraper blade 70
includes one or more temperature sensors 90 that are located
along the length of the wear section 81 from the scraping tip
82 to a wear line 84 located adjacent to the bottom end of the
wear section 81. The temperature sensors 90 are electrically
connected to a microprocessor 94. The microprocessor 94
may be embedded within the blade 78 or may be adhesively
bonded or otherwise attached to an exterior surface of the
blade 78 or may be disposed at a remote location. The
microprocessor 94 preferably includes one or more batteries
for powering the microprocessor 94 and data storage means
for collecting and storing data. Each temperature sensor 90
measures the temperature of the wear section 81 of the
scraper blade 70 at its respective location, including at the
scraping tip 82, and transmits an electrical signal corre-
sponding thereto to the microprocessor 94.

[0061] The wear section 81 of the scraper blade 70 also
includes one or more wear rate sensors 98 that are electri-
cally connected to the microprocessor 94. The wear rate
sensors 98 are located along the length of the wear section
81 from the scraping tip 82 to approximately the wear line
84. The wear rate sensors 98 indicate or measure the location
of the scraping tip 82 relative to the bottom end of the wear
section 81 at the wear line 84 as the scraping tip 82 wears
down through use. Each wear rate sensor 98 transmits an
electrical signal to the microprocessor 94 that is used to
indicate the current location of the scraping tip 82. Each
temperature sensor 90 may also be combined with a respec-
tive wear rate sensor 98 as a combined sensor that indicates
both temperature and wear rate. Such a combined sensor
may comprise a thermocouple.

[0062] The scraper blade 70 may also include one or more
strain detection sensors 100, such as strain gage sensors, for
sensing the amount of strain the blade 78 is subjected to
during operation which corresponds to the scraping force
with which the blade 78 engages the conveyor belt. Each
strain gage sensor 100 transmits an electrical signal corre-
sponding to the magnitude of the measured strain to the
microprocessor 94.

[0063] The scraper blade 70 includes an electrical trans-
mitter member 102 that is electrically connected to the
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microprocessor 94. The transmitter member 102 is adapted
to be electrically connected to a cable and thereby to a
computer. Alternatively, the microprocessor 94 may be
eliminated from the scraper blade 70 and the sensors 90, 98
and 100 may be directly connected to the transmitter mem-
ber 102.

[0064] The sensors of the scraper blades 10 and 70 are
constructed so as to not wear or groove the conveyor belt.
The temperature sensors 30 and 90 measure blade tip
temperature, which can indicate whether the conveyor belt
is running with or without material, or when the scraper
blade is biased into scraping engagement with the conveyor
belt with a larger or smaller than desired force. The strain
detection sensors 40 and 100 measure strain and large
amplitude vibrations or chatter at the scraping tip 14 and 82
of the scraper blades 10 and 70 to indicate the number of
hours the scraper blades have been in operation and/or
scraper blade chatter. The strain detection sensors 40 and
100 measure and indicate impact forces applied to the
scraper blades 10 and 70 which in turn indicates the condi-
tion of the surface of the conveyor belt. The strain detection
sensors 40 and 100 also indicate the bending or flexural
strain in the scraper blades 10 and 70 which corresponds to
the force with which the scraper blades are biased into
engagement with the conveyor belt. The wear sensors 48 and
98 indicate the remaining useable scraping length of the
wear sections 23 and 81 of the scraper blades 10 and 70 and
the rate of wear of the wear sections.

[0065] The interval at which the microprocessors 34 and
94 acquire data from the sensors may be varied as desired
over a practically infinite range of intervals. For example, an
interval such as sixty seconds for purposes of research and
development could be used and an interval of approximately
five minutes could be used for service uses. The data storage
capacity of the microprocessors 34 and 94 may also vary
over a practically infinite range. For example, a capacity of
ninety days of data storage capability for research and
development purposes may be used, and a data storage
capability of one year for service operations may be used.
The microprocessors may store all of the data collected by
the sensors for review and analysis at a later date or may be
connected to the conveyor drive mechanism and/or tension-
ing mechanism to automatically vary the speed of the
conveyor belt or the tension applied to the scraper blades
when the sensed data varies from predetermined ranges.
Alternatively, the microprocessor may be connected to
sound an alarm or activate some other signal when certain
conditions are sensed. Also the sensors may be connected to
display devices such as gages or digital readout devices to
display the conditions being sensed.

[0066] FIGS. 3 and 4 show another embodiment of a
primary conveyor belt cleaner scraper blade of the present
invention identified with the reference number 120. The
scraper blade 120 includes a body 122 having a base
member 124 and a scraping member 126. The base member
124 includes a generally T-shaped mounting member 128 at
its bottom end which is adapted to be removably attached to
the cross shaft of a conveyor belt cleaner. The scraping
member 126 extends outwardly from the upper end of the
base member 124 to a scraping tip 130. The scraping
member 126 includes the wear section of the scraper blade
120. The scraper blade 120 includes an inner surface 132
that extends from a first bottom edge of the base member
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124 to the scraping tip 130 and an outer surface 134 that
extends from a second bottom edge of the base member 124
to the scraping tip 130. The inner and outer surfaces 132 and
134 of the scraper blade 120 may each include one or more
curved and/or planar surface portions. The inner and outer
surfaces 132 and 134 extend laterally between a first side
wall 136 and a second-side wall 138.

[0067] A generally cylindrical bore 140 extends through
the base member 124 from the first side wall 136 to the
second side wall 138. A projection 142 extends outwardly
from the first side wall 136 at the base member 124. Arecess
144 is located in the second side wall 138 at the base
member 124. The bore 140 extends through the projection
142 and recess 144. The projection 142 is adapted to be
located within and interlock with a recess in an adjacent
scraper blade 120, and the recess 144 is adapted to receive
and interlock with a projection from another adjacent
scraper blade 120, such that the base members 124 of
adjacent scraper blades interlock with one another. The body
122 of the scraper blade 120 is preferably formed from an
elastomeric material such as urethane or rubber. If desired,
the scraping member 126 may include a wear resistant
scraping element at the scraping tip 130 which is adapted to
engage the conveyor belt. The wear resistant scraping ele-
ment may be made from a wear-resistant material such as
tungsten carbide or a ceramic.

[0068] The scraper blade 120 includes an insert member
150 as best shown in FIGS. 5 and 6. The insert member 150
includes a generally plate-like member 152 having a first
surface 154 and a second surface 156 which is generally
uniformly spaced apart from the first surface 154. The
plate-like member 152 includes a generally linear top edge
158, and a generally linear bottom edge 160 which is spaced
apart from and generally parallel to the top edge 158. A
generally linear side edge 162 extends between and is
generally perpendicular to the top and bottom edges 158 and
160. A generally linear side edge 164 extends between and
is generally perpendicular to the top and bottom edges 158
and 160. The side edge 164 is spaced apart from and
generally parallel to the side edge 162. The corners between
the top edge 158 and the side edges 162 and 164 may be
curved or rounded. One or more mounting holes 166A-B
extend through the plate-like member 152 from the first
surface 154 to the second surface 156. The mounting holes
166A-B are spaced apart from one another and are located
a generally uniform distance from the top edge 158 of the
plate-like member 152. The mounting holes 166 A-B are also
each located a generally uniform distance from a side edge
162 and 164.

[0069] The insert member 150 also includes a mounting
member 170 attached to the bottom edge 160 of the plate-
like member 152. The mounting member 170 extends gen-
erally linearly between a first end 172 and a second end 174.
The ends 172 and 174 are located outwardly beyond the side
edges 162 and 164 of the plate-like member 152. As best
shown in FIG. 6, the mounting member 170 is generally
I-shaped in cross section. The mounting member includes an
upper flange 176, a lower flange 178 and web 180 which
extends generally perpendicularly between the upper and
lower flanges 176 and 178. An clongate generally rectan-
gular channel is located between the upper and lower flanges
176 and 178 on each side of the web 180. The lower flange
178 and the web 180 form an elongate generally T-shaped
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mounting member. The insert member 150 is preferably
formed from an elastomeric material such as urethane or
rubber.

[0070] A mesh sheet 186 is embedded and molded within
the plate-like member 152 of the insert member 150 adjacent
the top edge 158. The mesh sheet 186 is located between the
surfaces 154 and 156 and extends from a position adjacent
the side edge 162 to a position adjacent the side edge 164.
The mesh sheet 186 includes a plurality of apertures. The
mesh sheet 186 also includes one or more mounting holes
188A-B which extend through the mesh sheet 186 and
which are adapted to align with respective mounting holes
166A-B in the plate-like member 152.

[0071] The mesh sheet 186 is generally planar and flex-
ible. A preferred mesh sheet 186 is formed from fiberglass
fibers extending longitudinally and transversely in a rectan-
gular grid and spaced apart from one another at a center to
center distance of approximately two millimeters. A pre-
ferred mesh sheet 186 is commonly available dry wall
patching material.

[0072] The scraper blade 120 includes one or more elec-
trical sensors 196A-C coupled to a surface of the mesh sheet
186 and which are thereby coupled to the plate-like member
152 of the insert member 150. The electrical sensors 196 A-C
are preferably molded and embedded within the plate-like
member 152 between the surfaces 154 and 156. The top ends
of the sensors 196 A-C are preferably located approximately
three-quarters of an inch from the top edge 158 of the
plate-like member 152. Although the insert member 150 is
shown as including three sensors 196 A-C, the insert member
150 may include only one sensor, two sensors or more than
three sensors. The sensors 196 A and 196 B may be electrical
strain detection sensors such as strain gage sensors and may
be of the uniaxial pattern type of sensor. One type of strain
detection sensor that may be used is Part Number CEA-06-
250UW-120 of Measurements Group, Inc. of Raleigh, N.C.
The electrical sensor 196C may be an electrical temperature
sensor. One type of temperature sensor that may be used is
Part Number ETG-50B of Measurements Group, Inc. of
Raleigh, N.C. One or more of the sensors may be a wear rate
sensor. Each electrical sensor 196A-C is electrically con-
nected to an end of a respective lead wire 198A-C. Each lead
wire 198A-C is embedded within the plate-like member 152
from the end which is connected to an electrical sensor
196A-C to a respective exit location 200A-C where the lead
wires 198A-C extend outwardly from the plate-like member
152 to terminal ends 202 of the lead wires. The terminal end
202 of each lead wire 198A-C may be electrically connected
to an electrical connector member and thereby to a micro-
processor, computer or the like. Each lead wire 198A-C
includes at least two electrical wires.

[0073] As best shown in FIGS. 3 and 4, the insert member
150 is molded and embedded within the body 122 of the
scraper blade 120. The plate-like member 152 is embedded
within the scraping member 126 and within the base mem-
ber 124 between the inner surface 132 and outer surface 134
of the body 122. The plate-like member 152 is generally
centrally located in the body 122 between and spaced apart
from the side walls 136 and 138 as shown in FIG. 3. The
mounting member 170 of the insert member 150 extends
across the width of the body 122 from the side wall 136 to
the side wall 138. The lower flange 178 and the web 180 of
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the mounting member 170 extend into the bore 140 of the
body 122. The lead wires 198A-C extend from the exit
locations 200A-C of the plate-like member 150 through the
body 122 to an exit location 208. The lead wires 198A-C
extend outwardly from the body 122 from the exit location
208 to the respective terminal ends 202 of the lead wires.
The strain detection sensors 196A-B measure the strain of
the scraper blade 120 due to the flexure of the scraper blade
120, which corresponds to the magnitude of the scraping
force with which the scraper blade 120 is biased against the
conveyor belt. The strain detection sensors 196A-B each
provide a measurement that corresponds to the magnitude of
the scraping force with which the scraper blade 120 engages
the conveyor belt. Each strain detection sensor 198A-B
transmits an electrical signal corresponding to the measured
Strain and the corresponding scraping force to a micropro-
cessor, computer, or other data storage or analysis device.
The temperature sensor 198C measures the temperature of
the scraper blade 120 and transmits an electrical signal
corresponding to the measured temperature to a micropro-
cessor, computer or other data storage or analysis device.
The electrical sensors 196A-C operate in the same manner
as the electrical sensors 30, 40, 46, 48 and 54. The lead wires
198A-C may comprise computer communication wire as
commonly used in connection with hard drives and CD-
ROM drives in computers, with all but two strands of the
lead wire removed.

[0074] The scraper blade 120 is made by cutting the mesh
sheet 186 to a width of approximately two inches and a
length of approximately four inches. The mesh sheet 186 is
then placed over a positioning guide (not shown) including
indicia which provide the location of each of the electrical
sensors 196A-C and of the mounting holes 188A-B. The
positioning guide may comprise a sheet of paper with
locating indicia marked thereon. The electrical sensors
196 A-C are then placed on the surface of the mesh sheet 186
in their respective locations as indicated by the locating
indicia on the positioning guide. The electrical sensors
196 A-C are then coupled to the mesh sheet 186 by adhesive
tape or other types of adhesive. The lead wires 198A-C are
electrically connected to respective electrical sensors
196A-C by soldering or the like. The mounting holes
188A-B are then made in the mesh sheet 186 with a hole
punch in locations as’ indicated by the locating indicia on
the positioning guide. Each end of the mesh sheet 186 is then
trimmed such that the mesh sheet 186 has an overall length
of approximately three inches.

[0075] The mesh sheet 186 and the electrical sensors
196 A-C are then placed in an insert mold 220 as shown in
FIG. 7. The insert mold 220 includes a recess 222 adapted
to form the plate-like member 152 of the insert member 150
and a recess 224 adapted to form the mounting member 170
of the insert member 150. The insert mold 220 includes
generally cylindrical posts 226 A-B located in the recess 222
which extend outwardly from the mold surface. The posts
226A-B are adapted to be inserted through the mounting
holes 188A-B of the mesh sheet 186 to properly position the
mesh sheet 186 and the electrical sensors 196A-C within the
recess 222. The mesh sheet 186 is a positioning member for
positioning the sensors 196 A-C within the insert member
150 and ultimately within the body 120 in a desired location.
The insert mold 220 also includes apertures 228 A-C which
are located at positions corresponding to the exit locations
200A-C of the insert member 150. The terminal ends 202 of
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the lead wires 198A-C are inserted through the apertures
228A-C such that the terminal ends 202 are located outside
of the insert mold 220. The mold 220 is closed and molten
elastomeric material such as urethane or rubber is poured or
injected into the recesses 220 and 224 through a passageway
230 in the mold 220. The molten elastomeric material flows
through the apertures in the mesh sheet 186 and adheres to
the electrical sensors 196 A-C. The elastomeric material is
then allowed to cool and solidify. The mesh sheet 186 and
electrical sensors 196A-C are thereby molded and embedded
within the plate-like member 152 of the insert member 150.
The insert member 150 is then removed from the insert mold
220.

[0076] The insert member 150 is next inserted into a
scraper blade body mold 234 as shown in FIG. 8. The body
mold 234 includes a recess 236. The body mold 234 also
includes a generally cylindrical shaft 238 located within the
recess 236 which is adapted to form the bore 140 in the body
122 of the scraper blade 120. The shaft 238 includes an
elongate generally T-shaped slot 240. The T-shaped slot 240
is adapted to slidably receive the lower flange 178 and web
180 of the mounting member 170 of the insert member 150.
The mounting member 170 thereby slidably and removably
mounts the base or bottom end of the insert member 150 to
the shaft 238 in a desired position within the recess 236. The
front wall of the body mold 32 includes an aperture or slot
242 through which the terminal ends 202 of the lead wires
198A-C are inserted such that the terminal ends 202 are
located outside of the recess 236.

[0077] The body mold 234 includes an adjustment mem-
ber 244 such as a threaded bolt. The adjustment member 244
is threadably attached to the body mold 234 such that the tip
of the adjustment member 244 is located within the recess
236 and the head of the adjustment member 244 is located
outside of the body mold 234. The adjustment member 244
is selectively rotated to insert or retract the tip of the
adjustment member 244 within the recess 236. The tip of the
adjustment member 244 engages the plate-like member 152
of the insert member 150 and pivots or bends the plate-like
member 150 with respect to the mounting member 170 to
thereby locate the plate-like member 152 in a desired
location within the recess 236 of the body mold 234. The
insert member 150 is a positioning member for positioning
the sensors 196A-C within the body 122 of the scraper
blade, 120 in a desired location. The body mold 234 is
closed and molten elastomeric material such as urethane or
rubber is then poured or injected into the recess 236 of the
body mold 234 to mold the body 122. The molten elasto-
meric material melts the outer surfaces of the elastomeric
material of the plate-like member 152 and of the mounting
member 170 of the insert member 150 that come into contact
with the molten elastomeric material. The elastomeric mate-
rial is allowed to cool and solidify. The insert member 150
thereby becomes integrally attached to the body 122. The
elastomeric material that forms the body 122 is preferably
the same type of urethane or the same type of rubber that is
used to form the insert member 150 so that the scraper blade
120 will have uniform mechanical properties. The adjust-
ment member 244 is then retracted from the recess 236. The
cast scraper blade 120 is then removed from the body mold
234.

[0078] When the scraping tip 130 of the scraper blade 120
is in scraping engagement with a moving conveyor belt, the
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outer end of the scraping member 126 will wear away such
that the location of the scraping tip 130 will move toward the
base member 124. When the outer end of the scraping
member 126 wears to the position of the sensors 196A-C,
the sensors 196A-C will become worn and will eventually
stop functioning. The worn scraper blade 120 may be
replaced at this time with a new scraper blade. However, if
desired, the worn scraper blade 120 can continue to be used
for cleaning a conveyor belt as the scraping member 126 can
be worn beyond the sensors 196A-C. The sensors 196A-C
are designed such that they will not damage the conveyor
belt if the sensors engage the moving belt.

[0079] FIG. 9 is a perspective view of an alternative
embodiment of a scraper blade, generally depicted by the
numeral 900, that shows a tip member 901 and a base
member 902 in their joined operational configuration. Both
the tip 901 and base 902 are preferably formed from a
urethane compound, as set forth above in conjunction with
the discussion of the previous embodiment, but a number of
elastomeric materials of sufficient durability and hardness
could also be used. FIGS. 10A and 10B illustrate the tip and
base portions, respectively, separated from one another. As
shown in FIG. 10A the tip 901 includes a body having a
planar bottom wall 910, an inner surface 912 that extends
from a first edge of the bottom wall 910 to a scraping tip or
edge 914, and an outer surface 916 that extends from a
second edge of the bottom wall 910 to the scraping edge 914.
The inner and outer surfaces extend laterally between a
planar first side wall 918 and a planar second side wall 920.
The tip 901 includes a pair of spaced apart projecting
members (or tabs) 1001 that extend outwardly from and
generally perpendicular to the bottom wall 910. A face of
each projecting member 1001 includes alternate elongate
ribs 924 and grooves 926 formed along the length of the
projecting member.

[0080] The base member 902 includes a body 930 having
a generally planar top wall 932 and a pair of spaced apart
generally planar side walls 934. The bottom wall 910 of the
tip 901 is adapted to engage the top wall 932 of the base
member 902. The body 930 includes a pair of spaced apart
cavities 1002 with each cavity 1002 having an opening
formed in the top wall 932. An internal face of each cavity
1002 includes alternate elongate ribs 1624 and grooves 1026
formed along the length of the cavity. The projecting mem-
bers 1001 are adapted to be matingly inserted into a respec-
tive cavity 1002 such that each rib 924 of a projecting
member 1001 is located within a respective groove 1026 of
a cavity 1002 and such that each rib 1024 of a cavity 1002
is located within a respective groove 926 of a projecting
member 1001. These ribs and grooves engage and interlock
with one another when the tip and base are assembled to help
hold the two portions snugly together. The projecting mem-
bers 1001 and cavities 1002 form a mounting mechanism for
mounting the tip member 901 to the base member 902.

[0081] The base member 902 also includes a projection
1003 that extends outwardly from and generally perpendicu-
lar to the top wall 932 of the body 930. The projection 1003
encapsulates a portion of a strain gage assembly molded in
place within the base member. This strain gage assembly is
discussed in more detail subsequently. The strain gage
projection 1003 is adapted to slide into a mating cavity 1012,
shown in FIG. 11, in the tip 901. The cavity 1012 includes
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an opening 1014 in the bottom wall 910 of the tip 901
between the projecting members 1001.

[0082] Other physical features of the blade 900 that are
readily visible in FIGS. 9, 10A, and 10B include a mounting
bore 903 in the base 902 that is intended to accommodate a
mounting mechanism, such as a cross shaft, for the blade
900. In typical installations, as suggested previously, mul-
tiple blades are mounted side-by-side to span even a wide
conveyor belt, and the mounting mechanism generally
includes some type of adjustable tensioner to vary the
scraping engagement force between belt and blade. This
tensioning device is discussed in more detail below.

[0083] Also illustrated in FIGS. 9 through 10B is one
embodiment of a locking mechanism designed to removably
secure the tip 901 and base 902 together. It should be noted
that each of the projecting members 1001 that extends from
the bottom wall of the tip portion 901 has a transverse
groove 1004 along one face. When the tip 901 and base 902
are engaged, a locking rod 904 is inserted into a lock bore
1006 that extends through the base 902 between its opposing
side walls 934. This locking rod 904 preferably provides a
camming action, so that a projecting lobe 906 on the locking
rod 904 as shown in FIG. 11 can be rotated into engagement
with the transverse grooves 1004 such that the projecting
members 1001 can not be removed from the cavities 1002,
or can be rotated out of engagement with the grooves 1004
such that the projecting members 1001 can be removed from
the cavities 1002. It is believed that rotating the locking rod
904 in and out of engagement is much easier than attempting
to longitudinally withdraw the locking rod 904 altogether
from the bore 1006, particularly when the locking rod is
used to hold multiple adjacent blade and base sections
together. An actuator mechanism such as a lever or knob is
contemplated for one or both ends of the locking rod 904, in
order to make it easier for an operator to rotate the rod 904
as required. It is also contemplated that a securing mecha-
nism may be associated with the lever or knob, although
these details are not illustrated in the drawing figures.

[0084] There is also an additional bore 1005 provided in
the base portion 902 that extends through the base 902
between its opposing side walls. This particular bore 1005 is
designed to accommodate the wiring that would normally
extend from the sensors disposed on the tip portion 901, and
from the strain gage assembly that is encapsulated in the
base 902. None of the wiring is visible in FIGS. 9 through
10B, although these details are dealt with subsequently.

[0085] It is conceivable that one may connectorize the
sensor wiring for ease of assembly/disassembly. Specifi-
cally, electrical contacts 1006 may be integrally formed as a
part of the alignment and engagement grooves and ribs that
appear on both of the projecting members 1001 of the tip
901 and in the mating cavities 1002 of the base 902. Such
contacts may be disposed along these mating surfaces using
known electroplating or deposition techniques, then the
wires extending from the embedded sensor units may be
attached to these electrical connections as a post-molding
operation. Of course, it is also possible simply to collect the
sensor wires into a cable bundle as discussed above, and to
use electrical connectors in attaching the sensor leads to
electrical signal distribution cables disposed along the con-
veyor belt cleaning assembly.

[0086] Interior views of this embodiment of the scraper
blade assembly 900 are shown in FIGS. 11 and 12, featuring
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considerable interior sensor detail. One should note that the
camming nature of the locking bar 904 is particularly
evident in the side view of FIG. 11. The cam lobe 906 of the
locking bar 904 is adapted to rotate out of the locking
grooves 1004 and into a recess provided inside the base 902.
Of particular interest in the views provided in FIGS. 11 and
12 are the sensors, notably the blade wear sensor 1204,
temperature sensors 1201-1203, and the strain gage 1210 of
the strain gage assembly. The temperature sensors 1201-
1203 are entirely conventional in design, and are simply
embedded in the tip 901 by mold-in-place. The temperature
sensors 1201-1203 are typically aligned vertically as shown
in order to monitor temperature along the tip member. Three
temperature sensors, spaced evenly, are preferably used so
that temperatures can be extrapolated throughout the
remainder of the blade.

[0087] The wear sensor 1204 uses a unique geometric
design. As is evident from an inspection of FIG. 12, the wear
sensor 1204 is preferably a series of concentric conductive
loops. Each of the loops features one electrical connection
that is common to all of the loops, and one connection that
is unique to a particular loop. For this reason, a wear sensor
with five concentric loops requires six electrical connections
to the electrical conductors within the geometry. The wear
sensor 1204 may include one or more loops. A wear sensor
1204 including a single loop will indicate when a scraper
blade is worn to a selected extent, such as completely worn
such that replacement is required.

[0088] In one implementation, the concentric loop con-
ductor pattern may be deposited, such as by conductive ink
printing, electroplating, or other known process, between
two non-conductive layers, such as an acetate material. This
is the construction technique used in conventional “flex”
circuits, such as might be found in modern electronic
equipment. As the blade tip 901 wears, the conductive loops
are worn away one-by-one, from the outermost loop to the
innermost loop thus progressively eliminating conductive
paths. One can then “bracket” the remaining tip length in
this quantized fashion by knowing which loops are missing
and which still remain.

[0089] FIG. 12 also depicts the tip member 901 as includ-
ing an ID (identification) tag 1206. In the preferred form of
the invention, an RF (radio frequency) tag system is used, in
which a small transmitter sends a unique digital ID stream
to a receiver. The ID tag 1206 uniquely identifies the blade
tip 901 to ensure, among other things, that the blade tip 901
is the appropriate blade for the cleaning application. In the
preferred form of the invention, the ID tag 1206 is a
CTTC4S active RFID tag manufactured by CopyTag Lim-
ited of Harlow, Essex, UK. Of course, other RFID tag
systems having similar specifications may also be suitable
for use with the present invention. Operation of a conveyor
belt scraper blade control system may be disabled if the
appropriate blade is not detected.

[0090] FIG. 12 further illustrates a radio transmitter 1207
intended for telemetry transmission. Sensor data from the tip
sensors (temperature and wear rate, at least) may be trans-
mitted by wireless means to eliminate the need to string
wires from tip 901 to base 902, and from each base member
to an appropriate data input module disposed near the
scraping blade assembly.

[0091] As shown in FIGS. 11 and 12 the base member
902 includes a strain sensor. The strain sensor may be
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implemented using available devices, although one embodi-
ment features a strain gage assembly including a strain gage
sensor 1210 attached to a set of amplifier or magnifying
plates 1205. In the embodiment illustrated, one of the
magnifying plates 1205 is firmly embedded in the body 930
of the base 902, while the other plate 1205 is encapsulated
within the projection 1003 so that it extends outwardly from
the body 930 of base 902 and into the cavity 1012 in the tip
901 (as discussed above). FIGS. 13 and 14 illustrate the
strain gage assembly including strain gage sensor 1210 and
the signal magnifying plates 1205, as well as showing how
the sensor cabling 1208 is dressed along the plates 1205. As
shown, the strain gage 1210 is secured to the magnifying
plates 1205 by screws 1701 and nuts 1702. It is intended that
the strain gage wires 1208 be dressed through opening 1005
in the base 902, then passed through the openings 1005 in
adjacent bases until all of the sensor wires are connected to
an input module for the control system. Of course, as noted
above, it is also possible that strain gage data could be
transmitted wirelessly as well, such as over an RF or optical
channel.

[0092] The strain gage 1210 itself functions on the prin-
ciple that when it undergoes strain, its electrical resistance
changes. And if the relationship between the relative change
in resistance (AR/R) and the strain (AL/L, which is defined
as the gage factor) is known, then the strain can be deter-
mined. All that is necessary therefore is to measure AR/R.
But this is more easily said than done because the values of
AR are very small (and AR/R, even smaller). In implement-
ing the strain gage sensor assembly 1210, four strain gages
are put into a Wheatstone bridge configuration (full bridge
with four sensors). This circuit provides a linear relationship
among the input voltage, change in resistance values, and
output voltage. The output voltage is still small and is
consequently run through an amplifying circuit to obtain
higher voltage readings.

[0093] The purpose of the magnifying plates 1205 is
two-fold. First, the plates 1205 provide an insertion method
into the mold. More importantly though, the plates 1205
increase the “area of effect” of the strain gage 1210. The
“magnifying” effect of the plates is evident if two cases are
considered. The first case, shown in FIG. 185, is a single thin
beam sensor embedded in a urethane bar with no plates
attached. The second case shown in FIG. 16 is the same
beam with an embedded sensor, this time with plates 1205
attached to the ends of the sensor 1210 (a plate is bolted onto
each end of the sensor beam).

[0094] The plates 1205 greatly extend the measurement
range. The output signal is proportional to the beam deflec-
tion (or strain) by a relationship of the form:

B B
signal o f AdL or f ed L for case(l)
A A

v

signalocf AdL orf ed L for case(2)
A A

v

As is evident, the signal produced by the sensor/plate
arrangement in FIG. 16 will be much greater than the sensor
alone as in FIG. 15 (due to the extended length of the
plates).
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[0095] Another amplification effect is related to the width
of the plates 1205. The proportionality relationships above
would need to be multiplied by element width to get the total
strain/deflection effect. Because the plates are much wider
than the sensor itself, this further amplifies the effect of the
blade deflection on the signal.

[0096] The width and thickness of the magnifying plates
1205 were chosen to fulfill two purposes. One is the ampli-
fication factor described above. Second, the plates cannot be
too wide or too thick. The thickness and width of the plates
should be chosen to maximize the amplification while not
affecting the overall performance of the blade (if the plates
are too wide or thick the flexural performance of the blade
is affected—which is not desirable). There appears to be no
special or unique shape to the magnifying plates. The plates
can be rectangular, circular elliptical, etc. The length, width,
and plate thickness are the important dimensions in this
design. A preferred magnifying plate is approximately two
inches long, approximately one and one-quarter inches wide,
and approximately 0.050 inches thick.

[0097] This arrangement (sensor/plates) gives an excellent
signal that is indicative of blade flexure during operation
(blade performance). An added feature of this construction
is that it minimizes the effect of longitudinal vibration—
which is more related to the type of urethane used to mold
the blade than blade performance (vibration transmitted
axially through the blade will not be amplified by the plates,
and consequently will be of much smaller magnitude).

[0098] The strain sensor may alternative comprise a
mechanical sensor, such as a contact switch, wherein strain
is sensed mechanically. The mechanical contact switch is
embedded within the scraper blade. When sufficient strain is
placed on the blade the contact switch closes and provides
a signal indicating that the scraper blade is engaging the
conveyor belt with sufficient force. When the contact switch
is open, it provides an indication that there is not enough
strain in the scraper blade to provide the designed engage-
ment force between the scraper blade and the conveyor belt.
The contact distance the contact must travel to close the
contact switch can be adjustable, such as by a set screw,
whereby the contact switch strain sensor can be adjusted to
close at selected magnitudes of strain depending upon the
conditions in which the scraper blade will be used.

[0099] Other sensing elements were tried. Biaxial ele-
ments were used, mounted externally on the cross shaft, with
some success. Triaxial elements were determined not to be
necessary as little vibration is transmitted on the cross shaft
axis. Accelerometers could easily be—mounted internally
(inside the blade) but they are expensive, especially the
higher temperature accelerometers necessary to withstand
the embedding procedure—urethane reaction temperatures
can exceed 250° F.

[0100] FIGS. 17 and 18 depict multiple blade units 900
configured side-by-side along a cross shaft (mainframe)
1401 having a linear control axis 1406. It can be seen in
particular how the tip locking device 904 is inserted through
all of the adjacent bases 902 in order to secure the blade tips
901 in position.

[0101] One embodiment of a system for monitoring and
status display of a conveyor belt cleaner involves a novel
way of employing wear circuit detection circuitry. In this
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form of the invention, an indicator box is placed outside the
conveyor chute and is equipped with visual indicators and
connection points for a programmable logic controller
(PLCQ). In this embodiment, rather that being limited to the
relatively small number of wear levels obtainable through
the flexible wear circuit described above, a method has been
developed, using looped wires and an adjustable mold, to
realize more flexibility in the spacing of the wear detection
levels (i.e., one can establish better control of the final wire
spacing and not be limited to the fixed increments of the
flexible circuit wear rate sensor).

[0102] A monitor and display unit for such a system is
shown in FIG. 19. The circuitry itself is installed in a typical
control-type enclosure (with NEMA, explosion proof, etc.,
options available), with a front panel arranged as in FIG. 20.
The looped wire configuration wear circuit is coupled to the
indicator unit of FIG. 20. As the cleaner blade wears out, the
wire loops (2601 in FIG. 21) in the blade are broken and a
series of LED’s (light emitting diodes) on the front panel are
actuated, indicating the wear level of the blade as a percent-
age. Two larger visual indicators are used so that the wear
status of the blades is visible from a distance. The “blades
OK” indicator 2002 and “service required” indicator 2004,
are higher intensity LED’s. The “service required” indicator
is turned ON (and “blades OK” turned OFF) when the wear
level reaches 80-100% worn, for example.

[0103] In addition, there are four wireable TTL (transistor-
transistor logic level compatible) outputs that can be con-
nected to existing PLC equipment (as a 4-bit digital signal).
These outputs are “output active low” and can be up to 24
VDC (volts direct current) with up to a 1 ampere source or
sink capability to drive relays or other transducers in addi-
tion to standard digital signal inputs. FIG. 21 also indicates
a tension sensor element 2603 (embedded strain gages)
disposed proximate the wire loop wear sensor 2601 that
indicates whether the blades are functioning properly, a
display unit 2602, and a memory unit 2604 capable of
tracking hours of operation, wear level, station ID, etc. The
tension sensor element 2603 may be implemented in a
variety of ways, such as embedded strain gages or load
cell-torque elements attached either to the cross shaft or
externally on the tensioning system, for example. In other
words, there is more than one suitable way to measure
applied force in this application.

[0104] Another embodiment of a monitor and display unit
2218 is shown in FIG. 22. The wear circuitry has three
different sources of power, namely 220VAC, 24VDC and a
battery, that can be used independently or simultaneously. In
case of an external power failure the circuit will automati-
cally run on battery power. The battery is constantly charged
by either the 220VAC or 24VDC power supply. When the
scraper blades are new all five wear indicator lights 2220A-
E, such as LED’s, are lit or on, and the upper remote alarm
light 2222 A will also be on. The lights 2220A-E respectively
turn off when the scraper blade is twenty percent worn, forty
percent worn, sixty percent worn, eight percent worn and
one-hundred percent worn. When the blade is eighty percent
worn the light 2220D turns off, the upper remote alarm light
2222 A will also turn off, and a lower remote alarm light
2222B will turn on. When the blade is one-hundred percent
worn the light 2220E will turn off and the remote alarm
lights 2222 A and B will start flashing. The display unit 2218
also includes a system test button 2226, a DC power on
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indicator light 2228, an AC power on indicator light 2230,
an AC power on button 2232, an AC power off button 2234,
and fuses 2236.

[0105] The blade wear sensor 2601 as shown in FIG. 21
is actually implemented as true embedded wires in accor-
dance with this embodiment. Embedded wires form an
eminently suitable and economical implementation for blade
wear sensing, provided the wires can be supported properly
for mold-in-place into the urethane mold. As noted previ-
ously, cost of the flexible circuit and limitations in wear
circuit geometry can pose problems in some installations.

[0106] One technique for implementation of actual wire
loops such as those of the blade wear sensor 2601 within a
blade structure is the use of a multi-step pouring method to
embed the looped wires into the cleaner blades. The first step
is to locate the looped wires in a molded polyurethane
“panel”2002, as illustrated in FIGS. 23A-C, that is later
inserted into the actual cleaner blade mold. The flat wear
panel 2002 is adjustable in length and also allows one to
vary the wire spacing. Thus, the panel 2002 can be changed
to fit into a variety of different cleaner blades (different
profiles, sizes, and with different wearable lengths) without
having to make more molds. The flat piece/wear panel 2002
is then pressed between two steel plates in the shape of the
profile of the cleaner blade the wear panel is to be inserted
into. This forces the wear panel to take the shape of the
cleaner blade profile (if a polyurethane piece is pressed into
a shape before it is “cured” it will keep that shape after it
cures).

[0107] The wear panel 2002 is adjustable and includes
“half moon” curved spacer pieces 2301 that can be placed
anywhere along the length of the panel, and the length of the
final panel Gan be varied by putting a plug into the end of
the mold for the panel 2002 (a 4 inch to 14 inch insert piece
can be poured), or by cutting the panel 2002 to size after
molding. The panel 2002 includes a plurality of apertures
2304 that extend along the central linear axis of the panel
2002, and flanges 2306 located along opposing sides of the
panel 2002. The bottom end of the panel 2002 includes a
general T-shaped member 2308. The “half moon” spacer
pieces 2301 are positioned using locating screws 2310 that
extend through respective apertures 2304. Each wire of the
wear sensor 2601 is looped around a respective “half moon™
spacer piece 2301. These spacer pieces allow one to cus-
tomize placement and spacing of the wear rate sensor wires
(they can be placed as close as 0.7 inch apart with no real
limit on the upper spacing). It should be noted that the
circuitry used to convert the wear levels into an output signal
is set up to accept either a 5 level or 10 level wear circuit (or
5 or 10 level looped wire setup). The varying diameter/width
of these “half moon” spacer pieces allow the wires to be
offset, preventing interference and the possibility of an
erroneous signal.

[0108] The second piece required for this new wear rate
sensor methodology is a base-attachment piece 2201. The
function of this piece is to secure the wear panel piece 2002
into the cleaner blade mold for final production. A base
attachment piece 2201 for one cleaner blade style is shown
in FIGS. 24A-D. The base attachment piece 2201 includes
a planar bottom wall 2210, a planar front wall 2212, a planar
rear wall 2214 spaced apart and parallel to the front wall
2212, a planar first side wall 2216, and a planar second side
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wall 2218 that is spaced apart and parallel to the first side
wall 2216. The upper end of the attachment piece includes
a generally T-shaped slot 2202 that is located in an upper
wall 2204 and that extends between and through the side
walls 2216 and 2218. The base attachment piece 2201
locates the T-shaped member 2308 of the wear panel 2002
in slot 2202 and secures the panel 2002 in the cleaner
blade-mold for final pouring. The base attachment piece also
includes a curved slot 2203. The curved slot 2203 includes
a rectangular opening in the front wall 2212 and rear wall
2214, and a curved opening in the second side wall 2218.

[0109] The two pieces, wear panel 2002 and base attach-
ment piece 2201, are fit together by the interference fit slot
2202 as noted, the male T-shaped end 2308 on the wire-
locating panel 2002 being slidably inserted into the female
T-shaped slot 2202 on the base-attachment piece 2201.
These pieces are put together and placed/located in the
“final” cleaner blade mold 2001 using the base-attachment
piece as shown in FIG. 25. For example, as shown in FIG.
25 the base-attachment piece 2201 depicted in FIGS. 24A-D
fits over a standard metal insert 2208 within the mold 2001
with the insert 2208 being located within the curved slot
2203. The base-attachment piece 2201 fits into/around the
metal insert 2208, placing and securing the wire-locating
mold piece 2002 and the wear rate sensor attached thereto
into the final scraper blade mold 2001 for pouring. The
resulting scraper blade is shown in FIG. 26.

[0110] A control system designed for proper operation of
a completely automated conveyor belt cleaner scraper blade
installation, as shown in FIG. 27, determines its operational
parameters at start-up, performs a self-calibration, and
moves the scraper blades into a properly computed engage-
ment attitude and pressure with respect to the belt.

[0111] As shown in FIG. 27, one or more scraper blades
900 are mounted on the cross shaft 1401. The scraper blades
900 and cross shaft 1401 are conjointly rotatable about the
axis 1406 of the cross shaft 1401. Each end of the cross shaft
1401 is attached to a rotary actuator 3102 that provides
selective rotation of the cross shaft 1401 and scraper blades
900 about the axis 1406. The rotary actuators 3102 may be
pneumatic rotary actuators, such as the PHD Model RLS1
63x270 rotary actuator. A torque sensor 2709, such as the
Parker Pneumatic P3P-R Series electro-pneumatic pressure
regulator, is coupled in fluid communication with the rotary
actuators 3102. The torque sensor 2709 includes a pressure
sensor and a valve that regulates the pressure of the air that
is supplied to the rotary actuators 3102. The torque sensor
2709 provides an output signal that is indicative of the
pressure of the air supplied to the rotary actuators 3102. The
torsional output force of the rotary actuators on the cross
shaft 1401 is calculated from the pressure of the air supplied
to the rotary actuators 3102. The force with which the
scraper blades 900 engage the belt is selectively adjusted by
the torque sensor 2709 varying the pressure of the air
supplied to the rotary actuators 3102. If desired, a torque
sensor 2707, such as a Transducer Techniques TRS series
flanged reaction torque sensor, may be used to couple one
end of the cross shaft 1401 to one of the rotary actuators
3102. The torque sensor 2707 measures the magnitude of the
torsional force with which the rotary actuators 3102 rotate
the scraper blades 900 into scraping engagement with the
belt 2701 and provides a corresponding output signal.
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[0112] Each rotary actuator 3102 is attached to a first end
of a first bracket 2720. The second end of the first bracket
2720 is rotatably mounted to a stationary support member
such as a mounting plate 2722. The second end of the first
bracket 2720 is fixedly attached to the first end of a second
bracket 2724. The first bracket 2720, second bracket 2724,
rotary actuators 3102, cross shaft 1401 and scraper blades
900 are adapted conjointly rotate about a linear axis 2726. A
linear actuator 2801 having a cylinder 2732 and an extend-
able and retractable ram 2734 is pivotally attached at one
end to the second end of the second bracket 2724 for pivotal
movement about an axis 2736, and is pivotally attached at a
second end to a stationary support member such as a
mounting bracket 2738. The linear actuator is preferably
pneumatically operated, but could be hydraulically operated
if desired. Selective extension/retraction of the ram 2734
conjointly rotates the brackets 2720 and 2724, rotary actua-
tors 3102, cross shaft 1401 and scraper blades 900 about the
axis 2726 to a desired rotational position which is adjusted
as the scraper blades 900 wear. An angular displacement
sensor 2740, such as the Baumer Electric MDRM 18U9501
magnetic encoder, senses the rotational position of the
brackets 2720, 2724, rotary actuators 3102, cross shaft 1401
and scraper blades 900 about the axis 2726. The radial
displacement and the angle of attack of the scraper blades
900 is selectively adjusted by the actuators 3102 and 2801.
Each actuator 2720 and 2801 may respectively include a
position sensor to provide a signal indicative of the position
of the actuators 2720 and 2801 from which the position and
cleaning angle of the scraper blade 900 can be computed.
The position sensors may be linear or rotary variable resis-
tance sensors.

[0113] Operational attitudes for a scraper blade assembly
are illustrated in FIGS. 28A-C. FIG. 28B depicts an initial
attitude in which the blade assembly 900 is in proper initial
scraping engagement with a conveyor belt 2701. The head
pulley 2702 for the belt 2701 is located near the discharge
end of the conveyor. The head pulley rotates about a central
linear axis 2704. FIG. 28A depicts an attitude in which the
blade 900 is completely worn and requires replacement.
FIG. 28C depicts an attitude in which the blade 900 is
positioned for maintenance, such as the removal of a worn
blade 900 and replacement with a new blade.

[0114] Tt is also envisioned that data gathered and stored
from each installation may have significant impact on prob-
lem tracking at specific installations, as well as the estab-
lishment of programmed maintenance schedules that can
lead to recommendations to the end user on when to replace
the tips 901 for a particular belt. The control system also has
the capability to activate both local and remote alarms to
notify the user about relevant conditions.

[0115] A noteworthy aspect of the control system of the
present invention is that the sensors and positioning mecha-
nisms described do not directly measure the angle of attack
that the scraper blade makes with the belt. This information
is computed based upon the known position of the radial
tensioner 3102 with respect to the belt, combined with the
known length of the scraper blade tip and base. Of course,
depending upon the specific embodiment used for the wear
rate sensor, the length of the scraper blade is only known
within a range that is dependent upon the distance between
sensor “tracks” of the blade length sensors. Similar calcu-
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lations can be made even if the pneumatic positioning
cylinders are eliminated from the installation because of
space considerations.

[0116] As depicted in FIG. 27, a variety of sensors are
available for the central controlling processor of this system
to evaluate. As mentioned above, there are both temperature
sensors and strain gage sensors within the blade. There may
be a material detection sensor 2710 located close to the belt,
such as a Baumer Electric Model FHDM 16P5001 photo-
electric diffuse sensor, although non-photoelectric sensors
may be used. The material detection sensor 2710 determines
whether there is material on the belt being transported. There
may also be a belt speed sensor 2703, such as a Siemens
Milltronics Model RBSS (Return Belt Speed Sensor), for
determining the speed of the belt. There may be a material
carry back sensor 2705 for sensing whether and to what
extent conveyed material remains adhered to the belt after
passing by the scraper blades 900, such as the ICT Auto-
mated Carryback Monitor of ESS Engineering Services and
Supplies in Corrumbin, Australia. A belt splice detector
sensor 2704, such as the GO Switch Model 11-12528-A3
sensor, may be provided for sensing the location of the belt
splice as it approaches the scraper blade 900. In addition,
there may be a sensor for ambient air temperature to provide
baseline data for the other temperature sensors.

[0117] A great deal of information is derived from the
blade-mounted temperature sensors and strain gage sensors
to enable an accurate determination of whether the blade is
engaged against the belt with the proper force to provide
proper cleaning. One may also be able to predict when the
belt coupling (or splice) is approaching the blade (based
upon strain gage information and computation using belt
speed information), even without a specific splice detection
sensor 2704. It is conceivable that blade engagement force
may need to be reduced prior to the belt coupling passing
under the blade. The type of action to be taken in response
to belt coupling approach may depend upon the style of belt
tensioner and positioning mechanism used in a particular
installation. At the very least, sensor data enables a deter-
mination of when the blade should be replaced, as well as
providing an indication that blade position and engagement
tension or force are correct with respect to the belt in use and
the material conveyed.

[0118] Tt is also noteworthy that, since a microprocessor is
used in the data gathering and computation platform, a
database of sensor information can be maintained offline.
Such a database could be maintained locally or transmitted
to a remote location (such as via the Internet) for storage. It
may be possible to analyze accumulated data for additional
information about a particular customer location.

[0119] The preferred embodiment of the control system
includes a microprocessor for receiving and analyzing the
signals and information represented thereby from the sen-
sors placed at various positions within the system. However,
the conveyor belt cleaner system can be controlled without
the use of a microprocessor, such as by use of analog logic
circuits including, for example, on-off switches, relays and
indicator lights. Similarly, digital logic, short of a micro-
processor, could also be used to receive and interpret sensor
signals.

[0120] FIG. 29 shows the configuration values used in
establishing initial conditions for the control system of the
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present invention prior to actual operation. These parameters
are identified in FIG. 29 in a stylized representation of the
blade and belt configuration shown in FIGS. 28A-C. FIG.
30 illustrates the control program operational parameters.

[0121] The system software automatically calibrates the
system and establishes operating parameters, then monitors
system operation in real time, making any necessary adjust-
ments of the cleaning blade assemblies required to ensure
maximum cleaning effectiveness. Measured values from the
system’s array of sensors are compared to optimum com-
puted limits, and the system makes adjustments based upon
specified rules to try and correct any problem that may have
arisen. Indicators associated with the control system advise
the end user of any required action.

[0122] The system software is stored as a program in a
memory device. A processor operative with the memory
defines a set of initial conditions that establish the initial
radial displacement of the conveyor belt cleaner scraper
blade with respect to the conveyor belt. The processor
monitors output signals from the sensors, computes the
angle of attack of the scraper blade with respect to the
conveyor belt and the force with which the scraper blade
engages the belt, determines current system performance
based upon measured sensor signals, and controls the actua-
tors to adjust scraper blade angle of attack and blade
engagement force to optimize current system performance.
The software also recognizes what sensors and actuators are
present or missing. Thus, different program routines are
disabled depending upon the configuration present. For
instance, if there is no material sensor present, the “check for
material” routine of the programming would be disabled.

[0123] 1In its preferred form, sensor data is input to a
microprocessor-based system that includes a 16 channel,
16-bit analog-to-digital converter (ADC), two serial com-
munication ports, four 8-bit digital-to-analog converters
(DACs), two digital input ports, and a digital output port.
FIG. 31 illustrates interconnection of the system sensors
with the ADC input channels. ADC data is collected for
seven channels with 4,000 data points sampled for each
channel. This is a total of 28,000 data points. Using two
bytes for each sample point, a buffer size of 56 K bytes is
required. During the calibration portion of system initial-
ization, measurements are taken as required while the con-
veyor belt itself is not running. Data is acquired when the
conveyor belt is running, and recalibration may be done
when the belt is stationary. If the total calibration routine
could not be completed, the system uses the values obtained
from its last complete calibration.

[0124] A flow chart of program operation is shown in FIG.
32. The Operating Program block 3201 acquires each data
snapshot, sampling during a given duration and using a
pre-programmed sampling interval. The Operating Program
block 3201 is also responsible for time stamping the
acquired data block and writing the data block to memory.

[0125] After data acquisition, there is a set of Global
Checks that are performed. These Global Checks include:

[0126] (1) Current blade length. This is determined by
the signal from the blade wear sensors. Based upon the
current blade length value, the Operating Program 3201
updates the position/pressure algorithms that use blade
length from computation, then the Operating Program
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3201 may elect to reset the current system pressure/
position values to reposition the blade in accordance
with the current blade length value.

[0127] (2) Material present on carrying side of belt. This
information is derived from the output signal of the material
present sensor. System status may be updated dependent
upon the current reading, changing from Idle to Operational,
for example.

[0128] (3) Belt motion/speed. This parameter is derived
from the measured output of the belt speed sensor. In
response to the speed value, calibration parameters may
need an update, the system may require re-calibration, and
the data sampling speed may need to be updated. At very low
belt speeds, for example, the sampling speed may be
reduced.

[0129] (4) Belt splice detection. The approach of the belt
splice is generally indicated by a dedicated sensor, although
it is also possible to predict this event by noting a charac-
teristic “signature” appearing within the strain gage data and
computing the splice reappearance based upon known belt
speed. As the splice passes the blade, it may be necessary to
reduce blade engagement pressure, then restore it after the
splice passes. This action can help reduce blade wear.

[0130] There is also a series of Dynamic—Waveform
Checks specified within the Operating Program block 3201.
These are as follows:

[0131] (5) Measured radial position. Since precise angle of
attack of the scraper blade with respect to the belt cannot be
measured, this parameter must be computed based upon
knowledge of the position of the tensioner (the radial
position) acquired through angular and linear displacement
sensors disposed on the cross shaft. As noted previously, of
course, the exact configuration of the cross shaft may vary
from installation to installation (a linear positioning capa-
bility may not be needed, for example). This information is
known because it is part of the pre-programmed system
parameters. Necessary spatial coefficients, including blade
angle of attack, are computed from the measured radial
position and the measured blade length. One will recognize
that these parameters may change during the life of the
blade.

[0132] (6) Measured system pressure/tension applied. The
cross shaft torque provides a direct indication of the amount
of engagement force between the blade and the belt, and this
torque value can be measured directly from the torque
sensor. Based upon system pressure and empirical informa-
tion, performance of the system can be predicted in terms of
blade deflection as indicated by the strain gage sensor output
values.

[0133] (7) Measured blade deflection. Blade deflection is
measured every sampling interval by collecting strain gage
output values. These values are compared to the values
predicted based upon the known tension applied between the
blade and the belt. If the measured values differ significantly
from the values predicted by the model, then system adjust-
ment may be required.

[0134] (8) Cleaning performance. An indirect indication of
cleaning performance is provided either directly by a carry
back sensor positioned on the conveyor belt underside, or by
analysis of the strain gage sensor outputs. A blade deflection
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profile that matches up well with empirical data for a given
tension value indicates proper performance. If the strain
gage values do not match up well with the model, then
adjustment is required. Of course, carry back sensor read-
ings and strain gage output profile can be combined to
analyze cleaning performance of the system.

[0135] Other necessary program segments are called from
the Operating Program block 3201. These include the
Input—Programmed System Parameters block 3204 that
acquires system information necessary to fine-tune the pre-
dicted performance model to a specific installation. The
parameters acquired in this program block 3204 are gener-
ally programmed manually by the system installer or user
rather than being detected by reading sensor values.

[0136] The information collected by this program module
3204 includes the cleaner type, number of scraper blades
installed as well as the blade installation location and angle,
and the type and number of tensioning elements. As noted,
there are applications in which both linear and angular
actuators may not be required, and the program needs to
know which are present.

[0137] The Input—Programmed System Parameters block
3204 also requires that the user or installer specify any rotary
or linear tensioning options. These may include, for
example, the specific types of linear and rotary actuators
installed on the system, and the specific sensor types that
indicate linear and rotary position. There may also be site
specifics that impact system operation. These may include
the ambient temperature range at the site, for example, as
well as the type of material being conveyed. There may also
be system options associated with sensing, monitoring, and
control, such as type of alarm or action to be taken corre-
sponding to specific blade wear indications.

[0138] The Global—Operational Algorithms block 3203
includes the algorithms that permit prediction of system
performance based upon measured values, as well as com-
putation of desired system settings. For example, one of the
algorithms computes cleaning pressure based upon linear
and angular position data combined with current blade
length measurement. Another of the routines included in this
block acquires the cleaning blade ID provided by the RFID
tag. (or other identification protocol) and verifies that the
blade ID is appropriate. Certain operational checks can also
be enabled or disabled based upon hardware and sensor
configuration.

[0139] The Self-Calibration/Installation Routine 3202
determines upper and lower system pressure limits. This
routine accomplishes this task by calculating the minimum,
midpoint, and maximum radial positions of the belt cleaner
cross shaft (mainframe) system.

[0140] The mainframe is then located to its’ maximum
radial position, and three levels of tension are applied to the
system in succession. At each tension level, the blade strain
and system torque are measured and recorded, and the
element correlation coefficients that relate system pressure,
blade deflection (strain) and mainframe torque are calcu-
lated. This process is repeated both the midpoint and mini-
mum radial positions. The necessary spatial coefficients that
determine the empirical relationship between the element
coefficients and the mainframe position—are then calcu-
lated. After these calculations are completed, the mainframe
is moved to its pre-programmed initial position and default
pressure is applied.
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[0141] Various features of the invention have been par-
ticularly shown and described in connection with the illus-
trated embodiments of the invention, however, it must be
understood that these particular arrangements merely illus-
trate, and that the invention is to be given its fullest
interpretation within the terms of the appended claims.

1-6. (canceled)
7. A conveyor belt cleaner system including:

a conveyor belt cleaner scraper blade including a wear
sensor; and

a wear indicator, said wear indicator adapted to receive a
signal from said wear sensor indicative of the state of
wear of said scraper blade, said wear indicator adapted
to indicate when said scraper blade has worn to a
selected extent.

8. The conveyor belt cleaner system of claim 7 including

a plurality of wear indicators, each said wear indicator
adapted to indicate when said scraper blade has worn to a
respective selected extent.

9. The conveyor belt cleaner system of claim 7 wherein

said wear indicator comprises a light.

10. A conveyor belt cleaning system including:

a conveyor belt cleaner scraper blade disposed on an
associated cross shaft;

a memory device storing a program;

a processor in communication with said memory, said
processor operative with said program to:

define a set of initial conditions that establish initial radial
displacement of the conveyor belt cleaner scraper blade
with respect to the conveyor belt;
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monitor output signals from a plurality of sensors dis-
posed about said cross shaft, including a blade wear
sensor and a strain sensor coupled to said scraper blade;

compute angle of attack of said scraper blade with respect
to the conveyor belt based upon radial displacement
and blade wear sensor signals;

determine current system performance based upon mea-
sured strain sensor signals; and

adjust scraper blade angle of attack and blade engagement
force to optimize current system performance.

11-34. (canceled)

35. A scraper blade for a conveyor belt cleaner adapted to
clean the surface of a conveyor belt, said scraper blade
including:

a body adapted to engage the conveyor belt;
one or more sensors coupled to said body; and

a telemetry transmitter electrically coupled to one or more
of said sensors;

whereby said telemetry transmitter is adapted to transmit
data from said one or more sensors to a remote receiver.
36. The scraper blade of claim 35 wherein said telemetry
transmitter transmits sensor data over an optical channel.
37. The scraper blade of claim 35 wherein said telemetry
transmitter transmits sensor data over an RF channel.

38-57. (canceled)



